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What Scientific Model Should We Use to Teach Cosmic Expansion
to Students?
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Abstract : This study compares two analogical models employed in the instruction of cosmic expansion to
assess their impact on the comprehension of middle and high school students. Among the most
frequently used models, the balloon model, in which the surface of a balloon represents the Universe,
and the bread model, in which the bread itself symbolizes the Universe, were chosen. Using the balloon

model, students are required to conceptualize

the 2-dimensional surface as representing a

higher-dimensional space. Using the bread model, students need to visualize the Universe as the interior
of the bread prior to slicing it. For middle school students who had not yet studied cosmic expansion,
the balloon model proved more effective in conveying the fundamental scientific concept that the
expanding Universe has no center. High school students, who were already familiar with the concept of
expansion without a center from previous lessons, found it easier to map the analogy onto the target
using the bread model. Based on these results, we conclude that employing multiple models is necessary
to complement any single analogy, given its inherent limitations.
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Table 2. Comparison between the script in A-type and B-type videos
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Table 3. Assessment items 1~4 (common to both groups)
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Table 5. Responses to all items
T HA| SHA Gls=stu YSati
=2 os JSEAB) 2RI () HEAHE) LFAHTF) () YEAHE) 2FAHF)  FA3E)
M5 TTC [MES(%)] [MES%)] [HES%)] [MES%)] MES%)] [MES%)] [MES%)] MES(%)] [HE2(%)
100 35 135 31 0 31 69 35 104
: [74.07] [25.93] [100.00] [100.00] [0.00] [100.00] [66.35] [33.65] [100.00]
54 59 113 16 0 16 38 59 97
[47.79] [52.21] [100.00] [100.00] [0.00] [100.00] [39.18] [60.82] [100.00]
43 92 135 11 20 31 32 72 104
) [31.85] [68.15] [100.00] [35.48] [64.52] [100.00] [30.77] [69.23] [100.00]
26 87 113 5 11 16 21 76 97
[23.01] [76.99] [100.00] [31.25] [68.75] [100.00] [21.65] [78.35] [100.00]
13 122 135 5 26 31 8 96 104
3 [9.63] [90.37] [100.00] [16.13] [83.87] [100.00] [7.69] [92.31] [100.00]
21 92 113 4 12 16 17 80 97
[18.58] [81.42] [100.00] [25.00] [75.00] [100.001] [17.53] [82.47] [100.00]
66 69 135 23 8 31 43 61 104
4 [48.891] [51.11] [100.00] [74.19] [25.81] [100.00] [41.35] [58.65] [100.00]
43 70 113 13 3 16 30 67 97
[38.05] [61.95] [100.00] [81.25] [18.75] [100.00] [30.93] [69.07] [100.00]
25 110 135 10 21 31 15 89 104
5 [18.52] [81.48] [100.00] [32.26] [67.74] [100.001] [14.42] [85.58] [100.00]
31 82 113 12 4 16 19 78 97
[27.43] [72.57] [100.00] [75.00] [25.00] [100.00] [19.59] [80.41] [100.00]
Y E(32.269) 2T B1g] FFR(TE%)0] YT & o= sjqHTt Mo BUg 952 g
SR PAolA YESE sl 47 Gussta & mHNY F4e Aodsh] oA YA
sigel surh 3-6u] W) R B 17 B9 30 wWe 95z g Wi Wo 3¢ Fyo= 4
AR S84 AEE Hlues Yastuw A AFE sHA oz FStEo] Ao 27ste 2gE 0]
Atol2 ®hgst Zlog ®olch & 12 ‘59| m7} sisicty £ & Utk R¥C=2= A B 1§ ©
ode FAol gtk = A JIES olslist A=AlE FolA WG] FAalo] ‘fa]2st et E¥o] e o
2Rlst= =2, sig WES 71 wit aFdofA Ho| & )} 77to] =7 UEGE, ol2REH FA
532 LS Ad AgS AdEst vid, S5t o] AEAY W o] HEErt 2515 ougitte=
ol FEEe Juidos Wtk 12w F54 & tig Ago] vlanA A olRojArinE muet 4 glrk
MM ATFONY AFEC] BIEEH FYulst =3 39 FF S8 15 =& AAlE 570
=of, 34 BPZ AFESIS To W =gof vls] = ol =¥ & AVEC /M . 29 WAo=r
ol 4ol ‘grt'e ooltjolE o A AP 4 9l At BAHo UE Yas 2T 4 YLAS FAF
Table 6. p-values from the independent samples proportion test
el e | SEAF (CAE =1 ik Y&t
1 0.000° NA 0.001"
2 0.1217 0.771 0.142
3 0.041" 0.463 0.034"
4 0.086 0.588 0.124
5 0.094 0.005 0.329

* p< .05
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